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‘Ta study the prvcsas of ope (S-eceplor neaction daring corcanras etry, we evausted the conta: 


"The entry of enveloped vies into cells requtes attach- 
smeat ofthe von tothe bos esl, allowed by fuson othe 
viral membrane with 4 membrane ofthe target ell While 
Some vsuses cota coprotins that mediate bot ruscell 
‘tachment aad vrull fusion, ats the case for cronat- 
‘ruses, for oer such as parame, ese usetans are 
Serve by diferent lyoprteias Ia both cases, however, the 
‘al fusioa potts undergo drama conformaional changes 
‘pon activation, which ate hy convolled ia ine and place 
1m order to eft the proper ering of veal and cellar 
‘membranes. 

‘Coronviwes ae enveloped vies that contain asge 
single-stranded RNA genome of paste polity. Thel eate- 
lope sceommodstes tte or four membrane protein of which 
{the membrane (M), envelope (E), and spe (S) proteins aro 
common tall fevewed by de Haan and Rot [15)- The S 
protein a relavel large, 160-to14S-aminoacdong pe 
T yopeoein, mer of which frm the petl-absped proj: 
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tions on the urace of the vito that ge se to the charac: 
‘exis corona sails appearance. The Speen from some 
tbutnot al coronviues te cleaved ae ate top daring thelr 
‘maturation (reviewed Wy Cavanagh [S),for which 2 furoke 
fenayme wat shown to be responsible inthe case of mouse 
epae irus (MEV) strain ASO (16). The renling amino 
temminal SI subunit andthe menbrane-ancbored $2 mut 
‘remain noncovalently Linked Irhas ben suggested thatthe SI 
Subunit comsiuts te lobular ead, whie the SZ subuit 
forms the stake region of the spike (8, 9) 

“The two func ofthe conan S poe pear to be 
Spatially separated. The S1 subunit (or the equiaeat pati 
‘irses wih unclesved Speotel) i esponile for receptor 
‘ding and the $2 subunit is responsible fr membrane ie 
sion. For MHY, the receptor-binding. domain has been 
‘mapped othe amiaotemiaal 30 residues of the S molecule 
(23, #2), For wansmisble gaswocatrits virus (20), human 
‘oronvius 29 (7), and severe cut resprtoySydome 
(GARS) coma: (1, 4), the teceplorbindig domains 
lave also been mapped io the St sobuat, though to diferest 
segloas therla, Tae ectodomain of the 52 subunit contains 
‘wo heptad repeat (HR) repions (9) (ig. 1), characterise of 
lle oll wil the fsion peptide (FP) i predicted to be 
Tocated amizo trmiaally of the fist HR region (HRI) (3) 
Binding ofthe SI subunlt tothe (lube) receptor hasbeen 
shown fo tigger conformational changes Ut supposedly fa 
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late views ent by action ofthe fasion function ofthe S2 
Subunit (19, 25, 28, 4). The conformational changes are 
‘ought to expote the fusion peptide and to lead tothe fx- 
‘maton of a eterotimerceicteli bundle by the two HR 
‘eglons a character of lL via fusion poten, esl 
{ng inthe dose locations ofthe fusion peptide andthe ans 
‘membrage domain the process of meatanefsio (5,617, 
37,45, 48). 

"The interaction between the croasvrus S protein and its 
receptor ithe nin determinant for vis ety aod hoe range 
‘esretion. MHV ist dependent onthe murine carcno- 
‘bryonic antigen lated call adbesion molecule 1a (MCEA 
(CAMLs) for cell extuy and hence infects oly murine cell It 
veastherefore quite remarkable when MEV yarants capable of 
Infecting aoanurine els appeated to develop a peteaty 
fnfected ell atures (2,3, 2, 3). MHV/BHK was oad 
{tom persica nected 7G el (32) that had been ae 
ged for up to 0 ties (34), Thi vrs no longer depends on 
‘murine CEACAMIa for enty (4) but gained th ably to 
ctr cells in a heparan slate -dependest manner (1). The 
‘Mspaton ofthe Virus o heparan slate aban attachment) 


couy receptor was demonstrated by increased hepa binding 
‘St wollasty inition of infection through treatment of elle 
Sd viru with hepainase and heparin, respectively. MEV} 
[BH difers init S protein at $7 vesdues and adiionaly 
coals a amino-acid ier compared ois puratal ASD 
tain Previous the extended hoa range was mapped to & 
‘asin inthe $1 subunl, which coataind 21 of the amino ach 
‘haute and the amino-acid fsert (3). These tae 
‘ons, wea placed into an bogenie background permitted 
[MHV-AS9 10 infect murine and nonmurine cols. However, 
{eae vies fled wo ndboe a second round of infection 
‘onnurine cells whea grown ia guid medium inating that 
‘hina mutations in the S gene are needed forthe extended- 
Fhseange phenotype (38). 

“These suds rave the question bow these vrwes have 
scqued their erended-bostange phenotype and ow the S 
[rein is tiggered to undergo the conformational changes 
equired to ntate the fusion proces, Inthe present sty We 
tve demonstrted that «combination of uations in the SL 
nd S2 subunits are oblgntory forthe visto sift from is 
‘pecibe mCEACAMLa dependence to 4 rlavely unspeciie 
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heparan sulate-dependent, extended host range. Therefore, 
altiough fr apart isthe lear seqoece, the to muon. 
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RESULTS 


Generation of recombinant yews. In our previous study 
(i), we established that heparan sult functions as a etsy 
‘eeepir of the extended tostrange variant of MEV genet 
‘Sted by Sawickand Sele sad coworkers (MEV/BEI) (2. 
531). 18 adaiton, we demoastated that the geae of MEV} 
‘BHK is auflcent to confer the extended-hose-range phenotype 
(UD. This was accomplished by the generation of vies die 
fering only in thee Sgeae sequences Thus, whe MHV- 
2aFLS WT (10) contalas the parental MHYV-ASD § gene, 
[MIV-2aFLS rechas the MEVIBHKS gene (11) (Fg inthe 
luogenic MEHV-ASO background. Only the ater sesomiaant 
‘irs was able to aft onmurine celle Here we exended 
{ose observations bythe generation of an elaborate set of 
‘ecomhiaant wes that again fer aly in hie Sone se- 
(qucoes. tn fact the viruses cosa diferent chimeras of the 
IMEV-AS9 and the MEIVABHK S genes. Ia addon ety 
lucerase expression catete (13) was inserted at he potion 


OLNOHOL 4O AINN Aa S102 ‘2 URW U0 So WSe Niecy woH PapRO|UMER 


oRBREr ag u 


frig fe 


io tia emt ee ced 


ofthe HE peeudogene to aca anal (10), Recombinant 
‘ruse in which the amno-ermial al ofthe SI subunit was 
‘bom MEVIBHK were ound eater unable to efile enter 
‘onmurine cell (39) The presen study started wih the geo 
‘atoa of snl recombiaat vrs (MBV-20FLS A: Pig 

1), Subsequent, ther rgions of the MHVIBEK 8 gene 
‘ere ntodoed itt the MEAS background ia alton to 
the exchange ofthe rion (esgnated region A [Fig 1A). 
‘esulng ifthe recombisaat Vises MHV-24FLS AB, AC. 
‘AD, and Ao) lal «recombinant ius was generated that 
‘doesnot contin the mutton nthe aminotemnal part of 
‘the S protein but caves oa the mutations found aru the 
“HIRI fepon ofthe MHV/BEK S potia (MHV'24FL8 O) 

hfeton of murine cll, The infection harass ofthe 
‘recombinant ses were fist analyed on murine LRT celle 
‘Asa iat step, the viral neti in the pasage 2 stocks was 
“etemined by «quantal assy, and thie TCIDyy values were 
‘alelted (Table 1). ll passage 2 socks, wie were wed in 
‘he subsequestexperinety showed sree on the LRT 
alls (Table 1 indeatng that al reoombinant vies eepl- 
ted eficiealy in these cells Next. he growth characterises 
‘ofthe recombinant vines wete compared in more deta 
Caltutes of LR cele infected with the dierent vires a 3 
[MOL of were ied at and 8h pontinstion after wich 
the Werase expesion levels were determined (Fg. 24) 
"From our previous work we Inow lucerase exresion 12 
peak at 829 postifecton (13). Although sme diferences 
tere observed, the recombinant vires appeared to expest 
‘athe sia levels of ler at oth Une pont Indeting 
‘hat the ably to enter LRT cell was aot ated stony by 
the changes i the spike protein. 

‘Os the other hand, howeer, the recombinant viruses ap- 
peated to eshibit ear diferences In ther aby to form 
las (Fg. 28). While infection with MHV-24FLS WT 1e- 
fulted i th formation of lgge sycy, o celle fusion Was 
‘bsered with MEV-2AFLS roc, and oly sgl ella were 
Infected. appeared tht all vues with chimeric apes die 
plajed plagues smaller than thse of METV.-24FLS WT. Cleat 
ge ofthe MHV.AS® S potla & Inova fo dramatically es 
‘nce celle sion 16} While the Sprtein of METV-23FLS 
(Wis leved, that of MHV-2aFLS recs ot (11). The lack of 
clewvage appeared fo covtlate with the xchange of the B 
‘eagment af was demonsuated by metabolelabelig of s- 


fected cells allowed ty immunopreipiation wing METV-spe- 
‘ie antibodies (ata ot shows) The absence of ceaage 
probly explains the por celle fasion observed for MEV- 
ZAFLS AB compared to MHV-24FLS A Some secombiaast 
‘ruses that didnot contain the B fragment and hence con- 
{aise § proteins tat were deated to the sume eat as 
[MHV.2aFLS WT abo demonstrated a reduced cellll fxon 
‘Phenotype (lor instance, MEV-24FLS C)- Apparent, mt 
fins ia agment C, whieh compass repoas (HR aad the 
putative FP) know fo be inportat i the fasion proces, a 
‘Sho lfc cell-cell fusion. Thee abueratons present yet aa. 
ther example showing that auecel and eellell fusion ate 
processes with dfoeatrquiemens (6, 47). 

lection of human calls. Next we stayzed the exended- 
dostrangephesotypes of he recombinat viruses: Therefore, 
the vi feces nthe passage 2 stocks were now dete” 
‘mined on HeLa cel (Table 1) Altsough the secombiaast 
‘ruses dplayed salar ues op the LRT cella clear difer- 
ence was observed afte inoeation of the HeLa cell. Tete 
{oud be obtained only for MEV-24FLS ec, AC, and A. Tae 
‘common feature ofthese tre recombinants ithe presence of 
‘mutations isthe smo terial pat ofthe St suelo 
(A) andi a estcted region ofthe S? subunit containing the 
HIRI and the putative FP (region) Adtonal mutations in 
‘the eon inmedatly pslream thera! (resent is eon C) 
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Increase the elaive infect on HeLa cls more than $0- 
fold as judged fom the ratio of the infecous tees on the 
‘mutne sod human cele The els show hat the wo eco 
‘Saat vss that contain te putative heparan slate ind 
{ng ates ot present in MEV-AS® (ates I and 3 in Fig 1A) 
(1d were most efectve in facating HeLa ell ety. The 
Seve ofthe heparan sliate-inding alts immed up 
‘ream ofthe FP reduced vir inteciy on HeLa cll, ae 
{Bough this ate war not ena fr abuning a afctious 
tier indesting that autaton in therein contting the FP 
fd HRI alo play an important oe the aequston of the 
‘ended hoe ange. 

Subsequeay the Infection characterise of the secombi- 
sant vinses on HeLa celle were analyzed in moe deta Cul- 
fhres of HeLa coll iafetd at at MOL of 1, ss defined by 
‘TCI, assay on LR cels, withthe diferent recombinants 
vere Ise a 85 and 18h postinfection after which the lei 
‘ras expresion lvls were determined. Whe the diferences 
{nthe spike protein hurl acted the abit of MEV tester 
[ERY ces Table 1 and Fig. 24), lange variations in ners 
‘expression eves were observed afer iocuation of HeLa cls 
(Pie 3A). AS expected fom ther infectious iter obtained on 
Het cel, MHV’20FLS rec ad MHV.2aFLS AC showed the 
highest icerase expression levels, whe thse. of MEV. 
ZaFLS Ac were conidraly lower "The ther secombiaast 
‘irae were able to lft the HeLa cll only to avery low 
xen, With the eacepton of MEIV-24FL8 WT, whic could 
ot inlet these cell at all. Laiferase levels of MEV.24FLS 
‘ee and AC increased om 83 to 18 postinfection, electing 


‘dts confirm and exe the reels shown ia Tabi. Vines 
‘ctntaining the mutations in either sepon Aor C infect HeLa 
ls very pools. Only whea there afe mutations ia both 1e- 
‘ons docs eau into HeLa cell become much more ellen 

‘SpI-CEACAMIa interaction. Bid to the (solble) 
(CEACAMIa receptor hs ben showa {0 wgger conforma 
tonal change in he MH St domain that prbly enable 
‘rus eaty by ation ofthe fusion fancton of the S2 do- 
‘mais (19,25 25,49). Sa couformatonal changes are also 
‘apecte ioe required fr mCEACAMInndependeat but 
Ieparaneliste-dopendet infection of MEV. Indeod, inc: 
tio by al recombinant vies could be eflendy nied by 
' pelide (6) coespondiag to the MHV-AS9 HI repion 
(ta not shows), indicating thatthe fuson mechanism bar 
Hall the same kespectve of the receptor ued. The set of 
‘continant viruses dscabed ete ge us the opportunity to 
"dy which repons ofthe S protein ste response forthe 
‘observed receptor dependencis and what extent the diet 
feat recombinant viruses ae dependent on or tiggerd by 
‘ther BCEACAMIs or heparan slate. 

Previously it has been demonsvated that infection with 
[MHA but not MEV/BHK, could be blocked by aaibod- 
Jes binding CEACAMIa (34, 39). We performed sular 
capeimeats with our set of recombinant ius, LR7 and 
HeLa colt were incubated with either « poblonal (41) or 
‘monoclonal (CC) (8) anthodyapanst mCEACAMIa. After 
1 ise were added tothe cure supernatant. The cl 
‘ee were sed at Sof 7h postinfection forthe LRT or HeLa 
calls, respectively. Lucleras expesson was wed ata mearure 
‘of ifecton. The ruts (Fig 4) show that infection by all 
‘ruses except MEV.2AFLS tec, AC, and Ac was (ast) 
completely blocked by the anuhodes, indcating that only 
‘howe later vires can enter LRT cells in « muCEACAMIa- 
Independent manner. Nonspeciic effets of the antibod nc. 
tons were eluded by ust conte atibodies andy show 
{ng the undisturbed entry of MEIV-26FLS eon HeLa cel 
the presence ofthe satmCEACAMIa abodes. The igi 
‘cua iabon of MEV-24FLS selection on LRT el but 
ot oa HeLa cals, however, ideas that this vis eaters 
‘ERY calle in a manner that isto sme extent dependent on 
‘CEACAMI, Viruses tat contained the mation found in 
region A ofthe MEEVIBHK spike poten but lacked the me 
{atlas la region C were usable to eal LRT calls ia. 
BCEACAMInindependent manner. Mutations in both 1e- 
‘Bins ate requed and sufceat for mCEACAMIsindepes- 
‘eaten into cols 

"We als suid the interaction beeen mCEACAMs and 
‘he diferent ecombiaant viruses by anaving he nub of 
‘iru infection by soluble mCEACAMIa. Previouly it was 
‘Semoastated that nection by MHY-AS9 but ot MENV/BHK 
coud be inited by soluble mCEACAMIa (34). A star 
‘rpeiment was prtomed in this dy. The recombine ¥- 
‘ce wore inated wih diferent concentration af sauble 
‘eceplr at 4°, ater which LRT cells were infeed with the 
‘eceplor-igus matures at as MOY of. The results are shown 
{nFig 5A. The diferent recombinant vinsee clea dered in 
‘hel semsiiy to soluble mCEACAMIa, MHV-23FLS WT 
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‘ver, inhibin was lar when the mutation a both regions 
‘ere combined (MHV.24FLS rec, AC, and Ac). MHV.23FLS 
{ee appeared tobe mote seasive than MHV.2AFLS AC and 
‘Az teating pets that mutations la region B also afect 
Intracon wih the soluble receptor when preseat i combi- 
‘aon with the mutton athe oer regina. 

"Next we elated whether th nko of iu infection 
ty soluble msCEACAMIa cored withing of vi ase 
tides to mCEACAMLa. ‘Therefor, sr amount of rao- 
Inbeed vos were incubated wth the sll eeptr at 
‘The sola ecoptor conti Fe tal (29) aking pole 
to pry von adsorbed to the sohbe receptor By sing 
Immobilized protein A. The recombinast vuss tha we se> 
‘ected forth as contained spike proteins ackng mutations 
{n the B region, as these ae leved to sim extets and 
er the whole speceum of soluble mCEACAMIa-led 
Infecdon. "The alliy-purifled ewes were comparatively 
qantaed by measrig the relate amounts of hee M peo 
teins at desced in Materials and Methods. The tems 
‘eal show tht MEV-2aFLS WT tound mos een 0 
{he sluhe wecepor (Fig $B). Binding was acted sigall- 
‘ayy the tatoos a both the aio emia part ofthe 
‘SI subunit (MEIV-24FLS A) and those lathe ceatal part of 
the S2 subunit (MEIV-24FLS C), Hower, binding to soluble 
MCEACAMIa wis mort aflected when vont coataned § 
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fafeeionatiiion and the receptorbiading expeinents, 
wich ere performed a diferent tempeatnes (37 and €C) 
{nd with diferent amounts of visions, the ess ofthe iad 
apeimeats corzlate well Wi those of the lnfeebon-aiae 
tion expesiment and indicate that the deceased nhtion of 
Infection by soluble mCEACAMB& cat be arply tbuted 1 
‘reduced binding of wons to the rector Te real f- 
‘her indeatethat an laters f two separate eeions in he S 
protein i tesponae forthe observed phenotypes. 
"Temperatare stability. Binding of MH’ tos receptor 
{induces conformational changes, which can be mimicked by 
Iteubation at 3 under alaline conditions (43, 49), These 
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confomtionl changes result ia. a markedly reduced infeeis- 
lof the viru (36 The ees ofthis temperature and pH 
lugged conformational change can easly be monitoned by 
the ue of our lucerase expen viruses. Thus, the recon 
tant vier were inchated either at pi 6 or a pl 82 
both at €C and at 37°C for 18, after Which LRT cells were 
Infected at an MOL of. The cures were ed at Spot 
{ecto to detemise the hcerase expression level. The 1e- 
sulis (Fg. 6) show that whle MHV-24FLS WT was Iighiy 
Scasie to incubation at 37°C at pH 82, recombinant MEV 
{hat contsloed ether the mutations in the A ot C repoa were 
much less fected. These virus exited quite slat 
Temperature stably at pH 82 and 65. Mutations found in 
‘elon Band D di not appear to have an sddoml eect on 
‘he temperature stably (dat bt shown) 

‘eparan sulle dependence. tas aso of latrest to de- 
temnine the Sprott regurements ofthe beparan slate 
‘dependent cell ety. Previously we identified two putive 
‘heparan sllste‘ding tes inthe MHVIBHK S protein not 
presenti the parental soquence (sits 1 and 3 in Fig. 14). 
Furthermore, the furs cnsensus sequence, which presen 
both MHY-AS9 and METVIBHK, also contain a heparan sue 
‘Gre-iading consensus Sequence (11, 2) Is order to test the 
favobement of heparan sullste in the enty proces of the 
erent rcombinaatvarsos, LR? cells were Ueaed With 2 
heparin sulatedeprading ename (bpsrinase 1) for 5 
‘ine to locust. The testment appeared to reduce the 
ty ofall recombinant viewer containing the muatlons i 
{he anormal pst ofthe St subuat by 50 wo TO Pi 
1A). The Incomplete Inhibition might be expuned by the 
presence of beparaaseresstantolgosaclarids (25). Stk 
{ingly ucierse expression by MEV 2aFL WT and MEV- 
2aFLS C was increased approximately 2Sfol after hepar- 
‘ase I eaten. Thee rents were exende by experiments 
{In which the abit of heparin compete iar of hepa 
‘ram slate interactions, to reduce wal infectivity was tested. 
Incubation of the recombinant viruses wih hepsi pio 1 
Inoeulstion deamatal decreased the Infcties of most 
‘recombinant MEV The infeciviy of MEV.2aFLS WT and 
(MEV.2aFLS C (Pig. 6B) was hay afected, wile MEV- 
2AFLS AB dipped an iatermedlate phenotype The tes 
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{ndlat that views carrying the mutations found inthe amino 
teminus of the MHVIBHK SI subunt, which comtabute 
sting oters «heparan sliate-nding conten soqunce, 
‘sre dependent on hepara salle fr cell eat. 


DISCUSSION 


‘As sth expevence with many viewes,esublihment and 
conned paatge of cll caltuee pecseatly infected wilh 
‘stromans lead to the accumulation of adaptive mutations, 
paricuy ia the spike prota. These muons can have 
‘famatcefecson the opis of the ius as was documented 
[ealy by the eended-bost- range phenatypescbserved Wilh 
[MEV obtained fom such ultues (2,3, 2.4). Whe sone 
‘se the vines ll wed murine CEACAM ata receptor but 
‘ree dependent on human CEACAM for enty ino human 
(ls (2) the MHV vastant MHVIBHK geteraed by Savi 
Sad Schicl and thr coworkers (32, 4) was able to lnfect 
falls ina mCEACAMIs-independent (34) and heparan sak 
‘te-dependeat manner (1) In the preseat study we ave 
snayzed in more etal 10 which pons in the S protein the 
‘mutations map that are responsble forthe extended-iar- 
‘age pheaotpe of MHVIBEIC AS i appear, this feature Is 
‘manly determined by mutations is two widely separated 1e- 
sons of the $ protein, namely, the amino-terminal (A) and 
[FPR (©) repos. The phenxype was, however, expensed 
‘only when the mutans from both these tro seplons were 
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olay prsent, as vw crying the mutations of ether region 
lone tardy exited the extended host range Thesore, the 
‘wo repos scem to communicate snd ay eve interact py 
ally higher-oede tacaes. 

"The nate conformation ofthe corona visonSprtein 
‘s metastable. Binding ofthe § potla to ls eceptoe Wiggers 
conformtional changes that falitate views ety (19,25, 8, 
{2 The stability ofthe MEV spe canbe probed in ito 
Incubation ofthe vin at 37C under allalie condone (3, 
49), cucamstances tht markely reduce vl infect (36) 
‘Our observations show tht concomitant wih the scquon 
ofthe extended host ange of MHV/BHIK, the accumulated 
‘mutations had adlnalyinreased the sublity of the pe, 
2 characterise ely o be selected for during pasagiag of 
ersten infected cell. Bot the mutations ia the SI subuait 
{fein A) and those inthe $2 subunit (eon C) wee found 
to contibute to the increased temperature stabi. Siar 
teauls have bees obtained fr MEV stain JHM, spikes of 
hich appear to be ipnifiantiy more unstable a laine pit 
{han those of MEIV-AS9 (42) During pasugng in vito, 
(MHVCJEM variants were selected with an icresed SUS? 
stably Interesting, the mutans responbe fo this pe- 
‘onpe were mapped to two regions ofthe S poten (19.22) 
‘wich conrespond to the A and C regions Mentied in ths 
ud, 


‘On the bats of ur ienicaton ofthe thse heparan sale 
{at-biading sites inthe MEVIBEI S polypeptide, we bypotl- 
sized previous that muliple receptor interactions of the 
‘pike protein are probably eequted to trigger the conforms- 
‘onal anges necesary Lo enable ety of MEIVBHK into 
“HeLa cals (11). We wow sho that the mutton in Sof which 
te extreme amino-terminal prt contuns the mCEACAMIs- 
‘ding domain (25, 38), cntr wo the recombinase hie 
‘epaan slate dependocs,ireapecve of he mCEACAMIa 
dependence. Whetber the fra deavage se athe S prot is 
functional di no appear oie allt entry of HeLa cells 
(Compare MHV.2sF1S A and AB), Tis unexpected obser 
‘on if most ly explained by the S proteins in sions cty- 
{ng cleavable spikes being stay cleaved only poo, hence 
leaving 2 sufileattracton of the S proteins eponag the 
eparansulit-bindiog ste (1). The pute heparan sue 
fat-indig ate lostedinumedistly uptea ot the FP 
lewy eahanced MEY eat into noamurie cel (compare 
(MBV.23FLS AC and Ac). la adden, this heparan sulle 
‘ding moi, which contains several baie amioo acd, might 
abo be the taspet of celular protease ring ete. Recent, 
‘auy ofthe SARS covonavius has been demoasted to be 
‘tisaly dependent onthe cellr protease ethepin (21, 
535, bur the actual cleavage ste as not yet been determined. 
‘Cleavage immediatly upstream cf the FP would locate this 
Inytophe peptide clone to the newly generated N terminus 
ofthe membrane-aachoved subual a 8 the eae forall ther 
‘as I anon proteins 

‘Several recombinant vines generated in tht stay appear 
to seguir tro receptor determinants for ell ety. Vises 
‘conan the mutations ia the sino-erminal hal ofthe St 
Subunit (eplon A) but ching those inthe FPHR repion 
(fegon Care depeadeat on both heparan sulfite and 
INCEACAMLA for eicint ear. Eat af these vss into 
CEACAMIscepesing cols was lated by abodes ro. 


ening thi eceptne: infections cated ut at alow MOI 
‘hu be eflcenly blocked (iis stud), whl infections pee 
fommed at a high MOI were severely delayed (8). Infection 
could also be tied through weatmeat of cello viruses 
ith a eparinase or wih heparin, respectively. The domain 
{esponshe for @CEACAMLa binding sles i the amiso- 
teominal part of the MHV $1 subunit (23,38), determines 
{he CEACAMLa receptor speci of diferent coronaiases 
(42), and anise sd substtuons inthis domain can act 
‘CEACAML ulation by MHV-AS9 (0). Suing, wile 
‘ruses coatsining only the mutations ia the aminotermisal 
part of the SI domain (cegion A) were able 10 bind 
BCEACAMIa approxnatly tothe same extent as viet 
{hat contained ely the mutations lathe FPR region (= 
in C),eaty of the former but sot the later viruses Was 
Seqateyafected by removal of ella heparan sulle moe 
‘ts fom the ell. Apparently, mCEACAMIa binding alone 
‘eas not sullciet fo induce the requed Spots conforms 
‘onal changes. 

‘Out reals indete thatthe smio-eainal pat ofthe S 
protein (epi A), including the receptor-binding domain, 
nd a resuctd regio i the central pat of the 5 protein, 
‘onaining the HR aad the putative FP (elon C), which are 
{ar apart in the scar soquace, are la lose conic in the 
igherorder stuctures ofthe spikes Mutations Ia thse 1e- 
ns appear to havea serge eect on Seceptor ints 
‘tion. Mutations in both rpins jon resulted in reduced 
‘ining to mCEACAMIa, teased restance to inkbion of 
{nfetion by soluble receptor, creased mCEACAMIs-inde- 
pendent entry, and extended hoe range. Several other sles 
five als indicated communication between slr regons i 
‘he Stand 82 subunits. For example, MEY variants resistant 
‘galas Initio by soluble receptor bad single-amino-acid 
‘mutations in either the eeceptor- nding domain or HRI do- 
‘mais or immediatly dowastcam thereof (31). Furthermore, 
the lack of hepatotopim cased by 2 sage uation in th 
seceptr binding domain ofthe MHVAS®§ protein could be 
fveroame by a sngleesdue substitution is HR (23). In 
‘dao, Was shown that a combination of mutations, one in 
{he rceptorading domain and one in HR, was importast 
for eficteat cay of MHV-JHM into mCEACAMI-expres- 
{ngealls (27). The obligatory enevlvermeat of direst regioas 
ofthe Spoon wat lo detnnstrsted by Tas abd coworkers 
(G2), who conuted vier with chimeric spikes composed 
‘Of MERV-t and MHV-AS9$ proteins. Whe vies tht con- 
{ain MEV. spies are abe to Induce receptor independent 
‘lon this war no the cae fr vines caring chime ples 
(Of MEV-4 aad MHV-AS, in wich onl the eceptne- ining 
‘drain had been enanged (2), 

‘Clea further interpretation ofthe data aso await stuc- 
‘te information onthe coronaiusS protein especialy of is 
tative prefusion form. The information is presen lacking. 
‘The oaly suuctural data arable so ft ofthe HRRURE 
complex (17,37, 45,46 which forms aheterouinede shel 
Tana. Recently, a central ay has been idestifed in a 
cyst stucture of the HRUHR2 compler of SARS cornat- 
‘us (17). This cai is hough to hae a establzing eect on 
‘he complex, which is compeasted fom the outide by the 
presence of HR2. The residues lining the cavity nthe poste 
os form were suggested to he inpotat for an alternative 
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conformation ofthe protein, which occur before the cnfor- 
‘Sonal dunge tat leads fio (17), Sing, the mutations 
found in the HRI doosin of MHVIBEK appear to later 
sound ths central ait. We specu that in the nate fon 
[ote the aniso-trmial put ofthe HRI repo ot part of 
{he cade coll ut ban ended secondary suc that lds 
‘ck towards the SI subunit allowing the fio ppt io ese 
‘inthe St pobulr head analogous to the sation nthe peti 
slo state’ ofthe paranyrovis fusion protein (4), Ia such 
‘wermaton, sconce dat mutations inthe HRI domain 
a alect he ably ofthe St subunit to bind wo rceptoe. 
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